Introduction
The western pearlshell mussel (WEPE), Margaritifera falcata has experienced significant statewide range reductions in the last 100 years and is now known from ~85 populations, of which, only ~20 are expected to be viable 100 years from now (Map 1, Stagliano 2010 ). In the short-term, many of these remaining populations are at risk of extirpation due to stochastic events able to wipe out these small isolated populations, and in the long-term, they are at risk from the lack of reproduction with non-native salmonid host species or climate change (Hastie et al. 2003) .
Most literature describes the spatial distribution of mussels in the context of large aggregations of relatively dense individuals commonly referred to as mussel beds. However, the current populations of WEPE in most Montana river systems do not exhibit this pattern of distribution; instead, mussels tend to occur in smaller patches (<50 individuals) that appear to be haphazardly distributed (randomized-clumped) within suitable stream microhabitats. This complicates efforts to document new populations in watersheds known to contain WEPE occurrences. Recent survey attempts to locate new WEPE populations in 25 previously un-surveyed stream reaches of the
Madison and other upper Missouri River basins have yielded negative results (Stagliano 2013a).
Three small WEPE populations that we have resurveyed since 2007 are now documented to be extirpated, and two others are on the verge of disappearing. More discouraging were our findings in 2012 that two WEPE populations in the Clearwater River previously thought to be the most abundant in the state were not able to provide the requisite number of individuals (n = 500) for a relocation project (Stagliano 2013b ).
The long-term declining status of the WEPE has led to its designation as the only Tier 1 invertebrate species in the State Wildlife Action Plan (MFWP 2014) , a Species of Concern by the State of Montana (MTNHP 2008 ) and a Sensitive Species by the U.S. Forest Service Region 1 (USFS 2011). Further declines may upgrade the WEPE's Nature Serve conservation status in the state from imperiled (S2) to critically imperiled (S1). Therefore, the main objective of this project is to resurvey a significant subset (at least 90%) of the documented WEPE populations in Montana to determine current statewide population numbers, viability and short-term trends. A secondary objective is to search for new populations and refine the distributional boundaries of existing populations.
Study Sites
Beginning in 2004 and continuing to 2012, we documented 88 distinct WEPE populations (153 population segments) and viability on 78 streams within western Montana (Map 1). We revisited approximately 90% of these sites in 2014 using the same standardized field survey methods for WEPE population assessments (Stagliano 2010) . At least four streams on the CSKT reservation (Lower Flathead 17010212) have been reported to have WEPE populations, but we have not visited these populations due to access and collection permit issues. Time-lapsed since the initial Map 1. Western Pearlshell sites and population viability compiled for 2010.
surveys was an important deciding factor in choosing priority sites, since the first detection of some of Montana's WEPE populations (2004) was approaching 10 years.
Methods
WEPE populations visited by the author in the last two years were excluded from 2014 resurveys, but included in the analysis. Incidental mussel records reported to MTNHP that were not revisited using the standardized mussel survey protocol were not included in population analysis, but provide documentation of continued existence in a stream (e.g. Bitterroot River, Schmetterling 2012, unpublished data). Initial survey start and end points were recorded with a Garmin 60s GPS handheld unit, so site location and effort was replicated during the revisit. If we failed to detect mussels in any previously documented WEPE populations within the reach during this revisit, additional search effort was conducted downstream of the starting point (at least 100 m), as some WEPE populations may have had individuals shifted along the stream channel from the high stream flows experienced state-wide in 2011 (personal observation, Stagliano 2012 ). We considered a previously documented population absent (extirpated from the reach, X) only after this additional search effort was conducted and no evidence of mussels was discovered.
Population viability ranking (A-F: A-Excellent Viability to F-Failed to find) followed the same Nature Serve criteria used in the initial rank process (Hammerson et al. 2008 , Stagliano 2010 ).
Populations within a stream reach were lumped into a single metapopulation, if there is < 2 km of suitable habitat separation between clumps of individuals (based on NatureServe mussel EO criteria) (NatureServe 2014). Changes or stability in viability across populations was evaluated in a pair-wise trend detection analysis to determine if localized declining trends are also occurring on a statewide basis.
Data analysis included a hierarchical pair-wise evaluation of the change in total number of WEPE occupied 4 th code HUC watersheds (ΔW), the number of streams or sites where WEPE populations were detected (ΔS), as well as the individuals within populations and viability (ΔP / ΔV) between initial survey (Pre-2010) and current survey (2014). This data was analyzed using a one-tailed, paired Student T-Test to determine if differences were significant. Directional trends where considered significant statewide. We are currently investigating the use of Bayesian statistics to analyze the population trend data, but this is not presented here in this draft report.
New short-term population trend data was incorporated into the Nature Serve ranking process to provide an updated state rank of the WEPE. Significant short term and non-cyclic negative trends have raised conservation priority status by one-quarter rank or more (Master et al. 2003) .
Results
We resurveyed 69 of the 74 previously surveyed streams with WEPE populations in the state.
From these revisits, 19 streams (25%) are now considered to be extirpated (X) ( 
(-)
0.0008 (Table 1) . WEPE occupied streams in 13 of 21 watersheds (65%) are on a negative trend (Table   2 , Figure 2 ). The highest number of recently documented extirpations (6 pops. of D-viability) was located within the Smith (10030103) and Missouri River ( (Table 1) . C-Fair and E-Extirpated populations were the only significant positive and in the long-term, they are at risk from the lack of reproduction with non-native salmonid host species or climate change (Hastie et al. 2003) .
Management Recommendations
• Monitor documented WEPE populations in the regions on a 5-10 year interval.
• Continued observation vigilance by regional fisheries biologists and reporting of shell sightings that may represent new populations (e.g. Brown's Gulch, J.
Lindstrom).
• Propose WEPE reintroduction/translocation feasibility studies for suitable habitat streams, and incorporate these into Westslope cutthroat trout conservation action plans (MFWP 2010 , Stagliano 2013a , 2013b ; French Gulch, J. Olsen).
• Protect stream riparian areas, maintain connectivity and in-stream flows in the documented WEPE streams of your region.
• Support alternative conservation techniques, such as stocking glochidia-infected
Westslope cutthroat trout and hatchery propagation efforts for WEPE. Intrinsic Vulnerability A = Highly Vulnerable. Species is slow to mature, reproduces infrequently, and/or has low fecundity such that populations are very slow (> 20 years or 5 generations) to recover from decreases in abundance; or species has low dispersal capability such that extirpated populations are unlikely to become reestablished through natural recolonization (unaided by humans).
Environmental Specificity A = Very Narrow. Specialist. Specific habitat(s), substrate(s), food type(s), hosts, breeding/nonbreeding microhabitats, or other abiotic and/or biotic factor(s) are used or required by the Element in the area of interest, with these habitat(s) and/or other requirements furthermore being scarce within the generalized range of the species within the area of interest, and, the population (or the number of breeding attempts) expected to decline significantly if any of these key requirements become unavailable.
Current S Rank: S2
Step 3: 3.5 -(+0.5-0.5) = 3.5
Step 4: 3.5 + (Trends -0.5) + (Intrinsic Vulnerability -0.5) = 2.5 or if we use 3.5 + (Trends -0.5) + (Threats -0.75) = 2.25
Raw Score 2.5 Points (P) = 1.5 < P ≤ 2.5 results in an S2. 2.25 Points (P) = 1.5 < P ≤ 2.5 results in an S2. 
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